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Rapid and durable recovery of immune effector cells in

myelofibrosis patients treated with momelotinib

Myelofibrosis is characterized by progressive bone marrow
fibrosis and remodeling, with a resulting cascade of disrupted
hematopoiesis, cytopenias, splenomegaly, and constitutional
symptoms. Constitutive JAK-STAT activation underpins the
efficacy of JAK inhibitors (JAKIi) in myelofibrosis. Ruxolitinib,
the first JAKi approved for myelofibrosis, revolutionized the
treatment landscape of the disease. However, ruxolitinib is
also significantly immunosuppressive, leading to impairment
of natural killer (NK)-cell function, dendritic cell activation,
and T-cell responses, amongst other effects.® Consequently,
infection rates and other complications secondary to chronic
immunosuppression, such as second malignancies, partic-
ularly non-melanoma skin cancers, are significantly more
common in ruxolitinib-treated patients.*®* Among the newly
approved JAKi, momelotinib is a JAK1/JAK2/ACVR1 inhibitor
indicated in myelofibrosis patients with anemia.’

In a ‘real-world’ cohort of 46 patients on momelotinib, we
collected sequential peripheral blood samples over a 48-week
period to assess changes in immune cell frequencies and
hematological response. Study patients were enrolled at our
institution prospectively between July 2023 and February
2025. The study was approved by a formally constituted review
board (REC reference: 23/NW/0105) and written consent was
obtained from participants. Samples were collected, where
available, at the time of momelotinib initiation, hereon re-
ferred to as baseline, and at 6, 12, 24, and 48 weeks thereafter.
Data from 10 healthy controls (HC) were used as a compar-
ator (median age: 60 years [range: 52-77 years]; males N=7,
females N=3). Whole blood samples were analyzed via flow
cytometry using Aquios Tetra 1 and 2 antibody combinations
(Beckman Coulter, USA) to detect absolute counts for CD45*
cells, CD3* cells, CD3*CD4* cells, CD3*CD8* cells, CD3-CD19*
cells, and CD3-CD56*/CD16* cells. For normally distributed
data, as determined by the Shapiro-Wilk test, t tests and
one-way ANOVA were used; otherwise, Mann-Whitney U and
Kruskal-Wallis tests were used. Statistical analyses were
performed using Python 3.11.6 with SciPy (version 1.15.2) and
Statsmodels (version 0.14.4).

Cohort demographics are detailed in Online Supplementary
Table S1. Briefly, 46 patients were included; 18 patients had
primary and 28 secondary myelofibrosis. As per DIPSS+ clas-
sification, 16 patients were high-risk, 24 intermediate-risk 2,
and 6 intermediate-risk 1. Of these, 36 received momelotinib
at a daily dose of 200 mg (1 started at 150 mg and escalated
to 200 mg); others were on a reduced dose. The median age
at momelotinib commencement was 70.5 years (range: 47-83
years; males N=27, females N=19). Thirty-nine out of the 46
(85%) patients had had prior ruxolitinib exposure (median
time: 1.5 years), with 35 discontinuing due to anemia. Thirty

patients transitioned directly from ruxolitinib to momelotinib
within four weeks, with the majority of these transitioning
directly the following day without a washout period as per
routine clinical practice. Four patients were on concurrent
hydroxycarbamide (N=1throughout, N=2 from 12 weeks, N=1
from 24 weeks).

At baseline, patients had significantly lower frequencies of
total lymphocytes, CD3* and CD4* T cells, and NK cells com-
pared to HC (1041 vs. 1557, 724 vs. 1085.5, 476 vs. 716, and 92
vs. 216.5 cells/uL respectively; P=0.03, 0.01, 0.005, and 0.004,
respectively) (Table 1, Figure 1A).

T-cell subsets increased by week (w)6, returning towards
levels observed in HC. CD3* counts were 968, 1112, 876, and
1082 cells/pL at w6, w12, 24 w24, and w48, respectively. CD4*
T-cell counts were 552.5, 714, 486, and 721, while CD8* were
324, 368, 316, and 316 cells/uL, respectively. These frequen-
cies were significantly higher than baseline at most time
points (P values for CD3*: 0.01, <0.01, 0.08, 0.03; CD4*: 0.03,
0.02, 019, 0.03; and CD8*: 0.04, 0.05, 0.28, 0.13, respectively).
The recovery of NK cells was the most pronounced and
persistent, increasing from 92 cells/uL at baseline to 202
(W6), 197 (Ww12), 162 (w24), and 270.5 (w48) cells/uL (P<0.01,
<0.01, 0.01, and <0.01, respectively). NK-cell frequencies on
momelotinib remained comparable to HC: P=0.64 (w6), 0.93
(w12), 0.72 (w24), and 0.47 (w48).

The B-cell counts at baseline were comparable to those of
HC, with median values of 176 and 201.5 cells/uL, respectively
(P=0.54). Their counts increased at w6 (289.5 cells/uL) and
remained elevated (225, 180, and 277 cells/uL at w12, w24,
and w48). This increase was significant at wé (P=0.02) and
w48 (P=0.04); however, B-cell counts did not differ signifi-
cantly from HC at any time point.

Interestingly, in 4/5 patients without prior ruxolitinib expo-
sure, we also observed an upward trend in all lymphocyte
subsets. The fifth patient showed an initial increase from
baseline to 12 weeks, followed by a decline to baseline lev-
els at w24, with no obvious explanation. Overall, for these 5
patients, median total lymphocyte counts were 732.5 cells/
uL at baseline, which subsequently increased to 903 (w6),
1398 (w12), 1385.5 (w24) and 1581 cells/uL (w48), CD3* cells
were: 523, 620, 1002.5, 897, and 1024, CD4* T cells were:
375.5, 299, 709.5, 602.5, and 723.5, CD8* T cells were 139.5,
189, 360.5, 267, and 315, NK were 145.5, 141, 208.5, 443, and
383, and B cells were 62, 82, 158.5, 120.5, and 108.5 cells/
uL at baseline, w6, w12, w24, and w48, respectively (Online
Supplementary Table S2). A similar trend was observed in
all 6 patients with remote ruxolitinib exposure (= 4 weeks
preceding momelotinib initiation), with no significant differ-
ences from those with recent exposure (< 4 weeks) (Online
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Supplementary Table S2).

Further subgroup analyses also revealed no significant dif-
ferences in immune subset frequencies between patients
with primary versus secondary myelofibrosis, different DIPSS+
categories, distinct driver mutations, presence of additional
high-risk mutations, previous ruxolitinib dosage, or momel-
otinib dosing regimen.

Consistent with previous reports, we also observed a sig-
nificant hematological response in our cohort (Figures 1B,
C).5° At baseline, 22% (N=10/45) of patients were transfu-
sion-dependent (requiring = 6 red blood cell transfusions
in the preceding 12 weeks), while 17 were transfusion-in-
dependent. The remaining 40% (N=18) received occasion-
al transfusions. By 12 weeks, only 4 patients remained
transfusion-dependent, whereas 27/43 achieved trans-
fusion independence (TI), which was largely maintained
until their follow-up (Ww24: N=22/24; w48: N=13/14). Eight
additional patients gained Tl at w24 and one further at
w48. Two out of 5 patients with advanced-stage chronic
kidney disease (Stage lllib, IV) also achieved TI. In the TI
cases, median hemoglobin increased from a baseline of
91 g/L (N=17) to 102 g/L at w12 (N=27, P=0.02), with this
improvement sustained at subsequent timepoints (w24:
hemoglobin=105 g/L, P=0.01, N=29; w48: hemoglobin=108.5
g/L, P=0.03, N=16) (Figure 1B, C).

Overall, momelotinib was well-tolerated in our cohort. Pa-
tients demonstrated a striking improvement in their immune
cell populations as early as six weeks, which persisted until

at least 48 weeks on momelotinib. Importantly, these ef-
fects were observed not only in patients previously treated
with ruxolitinib but also in ruxolitinib-naive individuals and
in those with remote exposure, suggesting an independent
immunomodulatory effect of momelotinib beyond mere
ruxolitinib withdrawal.

The reconstitution of T and NK cells is particularly relevant
given their pivotal roles in pathogen clearance, vaccine re-
sponses, and tumor surveillance.*™ Notably, ruxolitinib has
markedly lower IC;, for both JAK1 and JAK2 when compared
with momelotinib.”? Ruxolitinib has been demonstrated to
have an ICs, of 3.2 nM for JAK2 compared with 11 nM for
momelotinib in the presence of physiologic ATP (1 mM), in
one analysis.”? This heightened inhibition of JAK1 and JAK2
signaling, which is central to the cellular function of both T
and NK cells, may underpin some of the effects we have ob-
served. In vitro phosphoflow analysis has also demonstrated
variable inhibition of different JAK-STAT signaling pathways
among different JAK inhibitors.”®

In addition, different JAK inhibitors have been demonstrated
to have diverging immunological activity, suggesting inhibi-
tory effects beyond JAK-STAT and ACVR1 inhibition* Using a
panel of human cell system profiles to determine biomarker
activity, JAK inhibitors, at clinically relevant concentrations,
differentially modulated inflammatory cytokine production
and immune function, with ruxolitinib showing the broad-
est scope of inhibition across all systems evaluated.* The
absence of differences in B-cell frequencies relative to HC

Table 1. Medians and interquartile ranges of immune cell subset levels at each time point for the entire patient cohort alongside
healthy controls. All cell numbers are expressed in cells/uL. Lab reference ranges for each subset, sample sizes, and P values
denoting the significance of difference relative to baseline are also included.

Baseline 6 weeks

Immune subset

12 weeks

24 weeks 48 weeks HC

(Reference range) (Reference range) (Reference range) (Reference range) (Reference range) (Reference range)

1.041 1,5656.5 1,623 1,450 1,857 1,557
g (1,263.8-2,657.8) (1,191-2,877) (1,031-2,156) (1,322.3-2,249.3)  (1,300-1,785.3)
Total lymphocytes (732I _1(544) N=34 N=25 N=27 N=20 N=10
- P=0.005 P=0.008 P=0.07 P=0.009 P=0.03
704 968 1,112 876 1,082 1,085.5
CDg3* cells (454-923) (737-1,598.5) (736-1,696) (625.5-1,366.5) (744-1,327.5) (867.3-1,348.8)
(700-2100) N=33 N=34 N=25 N=27 N=19 N=10
- P=0.01 P=0.005 P=0.08 P=0.03 P=0.01
476 552.5 714 486 721 716
CD4+ T cells (299-537) (416-896.3) (413-1,093) (851.5-1,025.5) (456.3-952.5) (579-903.8)
(300-1400) N=33 N=34 N=25 N=27 N=20 N=10
- P=0.03 P=0.02 P=0.19 P=0.03 P=0.005
92 204.5 202 162 270.5 216.5
NK cells (61-176) (100.8-306) (121-332) (97.5-313) (140-392) (185-252.5)
(90-600) N=33 N=34 N=25 N=27 N=20 N=10
- P=0.005 P=0.001 P=0.01 P=0.002 P=0.004
176 289.5 225 180 277 201.5
B cells (83.5-301.3) (165-494.5) (147-425) (125.5-289) (157.5-419.5) (141.5-222.8)
(100-500) N—32 ' N=34 N=25 N=27 N=19 N=10
- P=0.02 P=0.12 P=0.46 P=0.04 P=0.54

HC: healthy controls; N: number; NK: natural killer.
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is consistent with previous findings in healthy donor pe-
ripheral blood mononuclear cells, where neither ruxolitinib
nor momelotinib significantly affected B-cell proliferation,
immunoglobulin production, or differentiation.™®

In a large real-world cohort, the cumulative incidence of
non-melanoma skin cancers after starting ruxolitinib was
approximately 11.4% at a median follow-up of 2.9 years,® com-
pared with 4.8% with momelotinib with a median follow-up
of 11.3 months.® In SIMPLIFY-1, the rate of grade =3 infec-
tions was higher with momelotinib than with ruxolitinib (7%
vs. 3%), but lower in MOMENTUM (3% with momelotinib).8"°
However, when data from major studies were pooled, the
overall infection incidence did not increase over time, rather,
exposure-adjusted event rates for infections declined sub-

A

stantially during the open-label or extended treatment phase
from 155.3 to 74.0 events per 100 person-years, suggesting
possible attenuation of infection risk with prolonged therapy.®
Limitations of the study include the single-center nature of
the patient cohort and intermittent data gaps inherent to
real-world datasets, thus our findings require further vali-
dation. Nonetheless, the observed immune recovery in both
JAKi-naive and previously exposed patients across serial
time points appears highly promising and may have signifi-
cant implications in the selection of JAKi for myelofibrosis
patients. Differential JAK1/JAK2 and off-target kinase inhi-
bition may collectively contribute to momelotinib’s distinct
immunomodulatory effects.

Whether this quantitative preservation of cell-mediated
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Figure 1. Immune and hematological response to momelotinib treatment. (A) Immune subset frequencies (cells/pL) at each time
point are presented alongside healthy controls with median, interquartile (IQR) ranges, full ranges, and outliers (defined as values
beyond £1.5xIQR). (B) Hemoglobin levels (median, IQR, and number of individuals) in transfusion-independent patients and pro-
portion of all patients that are transfusion-independent at each time point. (C) Number of red blood cells (RBC) units transfused
(median, IQR, and outliers) in patients still requiring transfusions. *P<0.05; **P<0.01.
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immunity with momelotinib confers functional competence,
reflected by a reduction in incidence and nature of infec-
tious complications, decreased cancer risk, and sustained
response to vaccines remains to be established through
systematic characterization over extended follow-up. Fur-
ther mechanistic studies are also warranted to elucidate
how these processes are mediated among all novel JAKi.

Authors

Jasmine Makker,"2 Kyaw Htin Thaw, Amna Sheikh,' Llywelyn Cadman-
Davies, Andrea Duminuco,' Elena Torre,! Margherita Panetta, Conor
Stanley, Hugues de Lavallade,' Natalia Curto-Garcia,' Priya
Sriskandarajah,’ Jennifer O’ Sullivan,' Deepti H. Radia, Claire
Woodley, Benissa Narciso,’ Susan Asirvatham,' Bethan Psaila,®

Shahram Kordasti,** Claire Harrison™ and Patrick Harrington™*

'Department of Clinical Haematology, Guy’s & St Thomas’ NHS
Foundation Trust, London; 2GKT School of Medical Education, King’s
College London, London; *Weatherall Institute of Molecular
Medicine, University of Oxford, Oxford and “School of Cancer &

Pharmaceutical Sciences, King’s College London, London, UK

Correspondence:
P. HARRINGTON - patrick.harrington3@nhs.net

References

https://doi.org/10.3324/haematol.2025.288515

Received: June 20, 2025.
Accepted: September 16, 2025.
Early view: September 25, 2025.

Published under a CC BY license

Disclosures
SK, CH and PH have received research funding from GSK. All the

other authors have no conflicts of interest to disclose.

Contributions

PH conceived the study; JM, KHT and PH developed the methodology;
MP, CS, HdL, NC, PS, DHR, CW, BN, JS and PH recruited study
patients; JM, KHT, AS, LC, AD, ET and PH collected and assembled the
data; JM and PH performed data analysis, with input from all authors;
JM, KHT, AS, BP, SK, CH and PH contributed to the scientific
discussion; JM and PH wrote the manuscript; PH supervised the

study. All authors read and approved the final manuscript.

Data-sharing statement
Data that support the findings of this study are available from the
corresponding author (PH) upon reasonable request.

1. Schénberg K, Rudolph J, Vonnahme M, et al. JAK inhibition
impairs NK cell function in myeloproliferative neoplasms.
Cancer Res. 2015;75(11):2187-2199.

2. Heine A, Held SAE, Daecke SN, et al. The JAK-inhibitor
ruxolitinib impairs dendritic cell function in vitro and in vivo.
Blood. 2013;122(7):1192-1202.

3. Harrington P, Doores KJ, Saunders J, et al. Impaired humoral
and T cell response to vaccination against SARS-CoV-2 in
chronic myeloproliferative neoplasm patients treated with
ruxolitinib. Blood Cancer J. 2022;12(4):1-4.

4. Lussana F, Cattaneo M, Rambaldi A, Squizzato A. Ruxolitinib-
associated infections: a systematic review and meta-analysis.
Am J Hematol. 2018;93(3):339-347.

5. Polverelli N, Elli EM, Abruzzese E, et al. Second primary
malignancy in myelofibrosis patients treated with ruxolitinib. Br
J Haematol. 2021;193(2):356-368.

6. Lin JQ, Li SQ, Li S, et al. A 10-year retrospective cohort study of
ruxolitinib and association with nonmelanoma skin cancer in
patients with polycythemia vera and myelofibrosis. J Am Acad
Dermatol. 2022;86(2):339-344.

7. NCCN. Clinical Practice Guidelines in Oncology. Myeloproliferative
neoplasms, version 3.2023. https:/www.nccn.org/professionals/
physician_gls/pdf/mpn.pdf Accessed Feb 15, 2025.

8. Mesa RA, Kiladjian JJ, Catalano JV, et al. Simplify-1: a phase Il
randomized trial of momelotinib versus ruxolitinib in janus
kinase inhibitor-naive patients with myelofibrosis. J Clin

Oncol. 2017;35(34):3844-3850.

9. Harrison CN, Vannucchi AM, Platzbecker U, et al. Momelotinib
versus best available therapy in patients with myelofibrosis
previously treated with ruxolitinib (SIMPLIFY 2): a randomised,
open-label, phase 3 trial. Lancet Haematol. 2018;5(2):e73-e81.

10. Verstovsek S, Mesa R, Gupta V, et al. Momelotinib long-term
safety and survival in myelofibrosis: integrated analysis of phase
3 randomized controlled trials. Blood Adv. 2023;7(14):3582-3591.

11. Kyrysyuk O, Wucherpfennig KW. Designing cancer
immunotherapies that engage T cells and NK cells. Annu Rev
Immunol. 2023;41:17-38.

12. Miao Y, Virtanen A, Zmajkovic J, et al. Functional and structural
characterization of clinical-stage janus kinase 2 inhibitors
identifies determinants for drug selectivity. J Med Chem.
2024;67(12):10012-10024.

13. Traves PG, Murray B, Campigotto F, Galien R, Meng A, Di Paolo
JA. JAK selectivity and the implications for clinical inhibition of
pharmacodynamic cytokine signalling by filgotinib, upadacitinib,
tofacitinib and baricitinib. Ann Rheum Dis. 2021;80(7):865-875.

14. Singer JW, Al-Fayoumi S, Taylor J, Velichko S, O’Mahony A.
Comparative phenotypic profiling of the JAK2 inhibitors
ruxolitinib, fedratinib, momelotinib, and pacritinib reveals
distinct mechanistic signatures. PLoS One. 2019;14(9):e0222944.,

15. Hofland T, de Weerdt I, Ter Burg H, et al. Dissection of the
effects of JAK and BTK inhibitors on the functionality of healthy
and malignant lymphocytes. J Immunol. 2019;203(8):2100-2109.

Haematologica | 111 March 2026
1099





